Remote patient management (RPM) offers renal health care providers and patients with end-stage kidney disease opportunities to embrace home dialysis therapies with greater confidence and the potential to obtain better clinical outcomes. Barriers and evidence required to increase adoption of RPM by the nephrology community need to be clearly defined. Ten health care providers from specialties including nephrology, cardiology, pediatrics, epidemiology, nursing, and health informatics with experience in home dialysis and the use of RPM systems gathered in Vienna, Austria to discuss opportunities for, barriers to, and system requirements of RPM as it applies to the home dialysis patient. Although improved outcomes and cost-effectiveness of RPM have been demonstrated in patients with diabetes mellitus and heart disease, only observational data on RPM have been gathered in patients on dialysis. The current review focused on RPM systems currently in use, on how RPM should be integrated into future care, and on the evidence needed for optimized implementation to improve clinical and economic outcomes. Randomized controlled trials and/or large observational studies could inform the most effective and economical use of RPM in home dialysis. These studies are needed to establish the value of existing and/or future RPM models among patients, policy makers, and health care providers.
H ome dialysis (including peritoneal dialysis and home hemodialysis) offers a variety of benefits over in-center hemodialysis. Studies show evidence of benefits for both peritoneal dialysis (PD) and home hemodialysis (HHD) patients related to survival, quality of life, transportation costs, increased patient autonomy, and clinical benefits including enhanced blood pressure and phosphorus control. [1] [2] [3] [4] [5] [6] Home dialysis is particularly advantageous in the pediatric population, given the greater schedule flexibility for school and play, the importance of psychosocial aspects, and the limited geographic distribution of pediatric dialysis centers. Furthermore, the cost of delivery of care of home modalities in most countries is less than that of in-center hemodialysis. [7] [8] [9] Despite these major advantages, patients on home dialysis represent a small percentage of the total end-stage kidney disease population worldwide, with only a few exceptions. 8, 10 Dialysis reimbursement policy seems to be responsible for low uptake in many parts of the world. [11] [12] [13] Other notable barriers include patient concerns regarding their ability to learn how to perform home dialysis; a perception that they may receive substandard care and/or have poor outcomes; a feeling of providing self-care in isolation without adequate medical oversight; socioeconomic status; and the fear that home dialysis will burden their family. 14, 15 The burden of daily medical responsibility in home dialysis lies with the patients/caregivers, putting the onus on them to know when is the "right" time to contact their health care providers. Physicians may underutilize home dialysis due to a concern that patients may not know when to, or simply will not, contact the health care provider when difficulties do arise. Furthermore, physicians may fear the inability to determine patient adherence with dialysis. Overcoming these barriers could be a large step toward increasing patient uptake of home modalities.
Remote patient management (RPM) may provide a means to overcome some of the aforementioned barriers. RPM is a framework for monitoring patients at home by digital wireless technology and extends the interactive contact of conventional clinical settings to include the patient's home. The hope is that these technologies would improve clinical outcomes through earlier recognition and correction of problems. [15] [16] [17] [18] [19] Although few studies on telehealth in the dialysis population exist, studies do support its technical feasibility, that patient acceptance of this technology is very high, and that RPM may be able to improve outcomes in other comorbid states shared by the end-stage kidney disease population. 20, 21 As examples, meta-analyses have shown the benefits of structured telephone support, RPM, and the use of implantable electronic devices in the care of patients with cardiac disease. 22, 23 Furthermore, diabetesrelated telehealth programs with the ability to change medications remotely have been shown to lower hemoglobin A1c as compared to standard of care. 24 However, there is still uncertainty about the role of RPM for home dialysis. Furthermore, nephrology has been slow to accept telehealth technology into its practice, in part due to regulations surrounding telehealth implementation, including information security considerations and reimbursement policies.
What are the current and future applications of RPM in home dialysis, and how can it be integrated into standard of care? How can RPM best be used to improve home dialysis outcomes and to expand the opportunity of home dialysis to patients who otherwise would not have had this option? What evidence is needed to establish the value of existing and/or future RPM models for policy makers, payers, providers, and patients? These critical questions need to be addressed to allow wider adoption of RPM technology for patients with kidney disease. Due to some of the differences in HHD and PD regarding types of monitoring and regulatory considerations, the remainder of this manuscript will focus on RPM as it pertains to PD.
Methods
Ten health care providers from around the globe were selected for their expertise in RPM as evidenced by peer-reviewed publications, research, and/or well-established clinical proficiency. Specialties represented included nephrology, cardiology, pediatrics, epidemiology, nursing, and health informatics. The objectives of the meeting were as follows: (i) to understand what forms of RPM tools are already in current use, how they are integrated into care, and what is seen and expected of RPM in terms of better clinicalÀeconomic outcomes; (ii) to understand future required and/or desired RPM applications to improve clinicalÀeconomic outcomes and to expand access to home dialysis care; and (iii) to understand the data required to achieve greater adoption of RPM and what is required to establish its value among policymakers, payers, providers, and patients. The meeting was supported by the Renal Division, Medical Affairs, Baxter Healthcare Corporation. Consensus recommendations were arrived at by directed group discussion, followed by breakout sessions.
Opportunities and Challenges of RPM

Opportunities of RPM
At present, several small observational studies on RPM in dialysis patients suggest the technical feasibility and numerous potential benefits of RPM. 18, [25] [26] [27] [28] However, many potential opportunities identified by the consensus panel have yet to be explored ( Figure 1) .
RPM provides an opportunity to increase the uptake and technique survival of the home modalities by improving patient satisfaction, patient outcomes, and cost savings. PD patients already spend a significant amount of time engaged in self-care tasks. Facilitating engagement with health care providers has the potential not only to reduce the burden of these activities but also to improve patient satisfaction and quality of life. For example, replacing the face-to-face encounter with a telehealth encounter in the patient's home would reduce patient driving time, time spent in waiting rooms, and the travel costs associated with these visits. This is important because PD patients on average drive a farther distance to get to their home dialysis unit than patients travel to in-center hemodialysis units. 29 Also, it has been demonstrated that frequent and regular home visits can help reduce attrition from home dialysis modalities. 30 However, home visits are costly and time consuming, and many centers cannot perform them regularly. Using virtual home visits via RPM may be a preferable substitute to an in-person home visit.
PD patients also spend time collecting and recording detailed data pertaining to their dialysis treatments. Technology (such as Bluetooth connectivity) already exists that would eliminate the need to manually record data pertaining to weight, vitals, and dialysis treatment parameters. This would reduce not only time recording data, but, if entry is automated, would increase both the accuracy of the data collected and the frequency with which that information is sent and reviewed. This would not only increase medical provider oversight, but would potentially improve both physician and patient comfort levels, allaying fears of selfmismanagement. In addition, nurses currently spend a significant amount of time manually collecting data to address patient queries and problems. Having the data already sent remotely would reduce this time, improving efficiency of care and potentially lowering the cost to dialysis units.
The ability of clinicians and their home dialysis patients to have visibility and track daily weights, ultrafiltration (UF), and blood pressures against goals should contribute to more timely intervention and better volume control. Bioimpedance monitoring has thus far shown mixed results in improving outcomes, but with close monitoring and an applied intervention algorithm may augment the above, facilitating improved volume management. 31, 32 Oximetry may also be an important parameter to follow, as nocturnal hypoxemia has been associated with increased cardiovascular complications in the hemodialysis population. 33 Patients' care may also be benefited by the answering of daily questions posed through a patientÀcaregiver interface about perceived medical issues, which can then be relayed to physicians and nursing staff. Questions regarding shortness of breath, appetite, the appearance of their exit site, and PD fluid may serve to help distinguish triage patients with no issues from those who require a call and possible intervention.
Data from the dialysis treatment itself can be of great importance to anticipate dialysis-related complications and treatment adherence. The ability to monitor treatment adherence is of the utmost importance with respect to patient outcomes, as it has been shown to be an indicator for the risk of developing peritonitis, hospitalization, hospital days, technique failure, and death. 34, 35 Bernardini et al. demonstrated a significant relationship between nonadherence of PD patients to prescription (defined as performance of less than 90% of prescribed exchanges), as determined by home supply inventory, and technique failure, peritonitis, hospitalization, hospital days, and death. The authors concluded that "identification of noncompliant patients and awareness of risk factors should reduce noncompliance and improve patient outcomes." 34, 35 It can also serve as an early indicator of patient fatigue and a predictor of technique failure. Data such as initial and total drain volumes, UF values, adherence to and duration of therapy, lost dwells, and so forth can all be collected and used to monitor and intervene on behalf of the PD patient. The use of automated data collection reduces the possibility of incorrect or fictitious data entry, thus improving medical oversight. Automated data collection can also improve dialysis unit efficiency but must be able to integrate into existing electronic health records so as not to lead to needless duplication of data entry. On the other hand, excessive data collection may become burdensome to providers and patients, leading to poor data entry, review, and response times. Thus, care models that use data analytics to convert information to a more useable form and provide algorithms to flag concerning values or trends are needed.
RPM also provides an opportunity to increase the efficiency of care delivery. PD patients must order their supplies. Internal data from Baxter Healthcare Corporation from 2015 demonstrate that late orders occur in approximately 10% of home PD patients per month, which can lead to significant costs for expedited deliveries or missed treatments. Delayed supply ordering can affect patient safety and increase cost due to emergency deliveries. Alternatively, nursing staff must ensure that these orders are placed, thus limiting nursing efficiency. Monitoring inventory supplies and automating ordering could reduce such problems. RPM may improve the efficiency of clinics by designing patient flows that decrease patient wait times and increase the patient capacity of a clinic's existing infrastructure. As a hypothetical example of a use of telehealth to improve efficiency, patients who demonstrate normal laboratory assessments, minimal triggers through remote therapy monitoring and remote vital sign assessments, and were remotely asked a series of questions pertaining to their health indicating no issues may not need to be seen by the physician that month. This would allow more physician time for patients with issues that need to be addressed by a physician. Approaches such as these would increase the utility of physician visits for both patient and physician.
Expanding the type of patients that use PD may increase patient uptake. Many physicians may not select patients with multiple comorbidities for home modalities. RPM may provide improved patient and physician comfort to use home modalities in patients previously considered "marginal" home candidates, many with multiple comorbid conditions. Online transmission of the previous night PD treatment, alarms, UF rates, body weight, and blood pressure should furthermore allow detection and intervention of impending problems, declining dialysis efficiency, or the need for timely modality switch, thus far associated with worse patient outcomes. 36, 37 RPM not only provides an opportunity to improve patient outcomes but may, at the same time, reduce treatment-related costs as well. These cost savings may be realized with the increased uptake of patients to PD and reduced PD technique failure rates, as PD is less expensive to provide than in-center hemodialysis in most countries. 8 By reviewing treatment data such as patient adherence to prescription, cycler alarms, UF values, vital signs, and weights on a more frequent basis, unnecessary hospitalizations may be avoided as has been shown in the dialysis population. 30, 38, 39 A randomized controlled trial of 49 high-risk hemodialysis patients treated in a remote care nurse setting demonstrated a significant reduction in hospital and emergency visits and reduced costs with RPM. 40 Five of the 24 patients on RPM, however, dropped out or withdrew from the study. Although the results warrant further studies, the findings are nonetheless compelling. Well-designed monitoring programs coupled with timely interventions may prevent readmissions. Patients living far from their unit may be able to see physicians more frequently if RPM, is used. 41 The ability to provide 2-way communications, including imaging transmission or video-conferencing from the patient home, may allow early identification and intervention in medical problems such as exit site infections and volume overload. 18 Finally, patient education may also be achieved through e-learning or nurse-to-patient, using education modules that are standardized to improve patient knowledge regarding self-care. Education could also be done via 2-way communications and allow clinicians to directly visualize PD exchanges and provide real-time feedback to improve technique. 18 Significant cost savings may also be realized by reducing transportation costs to in-center facilities by enabling patients in nursing facilities or with significant disabilities to perform PD who would otherwise not have that option. 42 RPM may provide a way for these patients to safely dialyze at home without the added need of transportation. Finally, in many areas of the world, there are limited health care providers to care for large populations of patients. RPM has the ability to better distribute the health care provider workforce without the need for transportation of the health care provider team.
Challenges to Implementation and Adoption of RPM
Despite the opportunities that RPM can provide, barriers and questions surrounding the implementation of RPM exist. What factors should be monitored, and what parameters for each factor set to optimize outcomes but not overload caregivers and patients? The number of variables in patient care that can be monitored is immense and can lead to provider fatigue. For the PD patient, factors may include weights, blood pressures, and PD-related parameters. However, numerous additional clinical factors can be measured, leaving clinicians to determine which are most important to improve patient care, and which are superfluous, potentially serving only to contribute to provider and patient burnout. Potential solutions to this include active monitoring of predefined high-risk patients only and computer-based algorithms to identify trends in parameters and to flag abnormal values may be 1 method of addressing these issues and decreasing the burden of sifting through large amounts of data ( Figure 2) .
Initial costs and maintenance costs of the technology may also be a barrier to implementation of RPM programs. There is a labor cost associated with implementation of an RPM program. Specifically, if not incorporated into the routine care of the patient, and if not used effectively, RPM can require a significant amount of nursing time to review data. Depending on the number of variables and frequency of monitoring, nursing time expenditures and cost can add up.
Furthermore, reimbursement for remote monitoring may vary widely by nation and by payer. Providers may invest in RPM technology without compensation, trusting that efficiencies in care and/or reduction in health care cost will ensue. As the cost of dialysis is already high, however, third-party payers may question the return on investment. Although studies in other disease states have shown cost-effectiveness of telehealth interventions, studies evaluating the impact of RPM in the dialysis population are needed to justify its widespread use. 43, 44 Patient and physician acceptance of technology may also pose a barrier to the uptake of the RPM in telehealth, although a study has shown that patient acceptance of telehealth is high. 21 Patients may fear that their privacy is being invaded in longer-term interventions. Physicians may also not accept telehealth. Physicians already trained to provide care in a traditional fashion may not be willing, or may not have the time or resources to learn another mode of delivery of care. Studies have shown that patients have higher satisfaction with RPM than do physicians. 45 Furthermore, the hurdles required to deliver care via telehealth may overwhelm even the most interested of physicians in providing care in this manner. One of these hurdles includes the potential liability surrounding remote patient monitoring. With remote monitoring, critical vital signs such as extremely low or high blood pressures will be captured. If critical values are not addressed in a timely fashion, as an example due to provider fatigue, health care providers may be held accountable. Consent forms for remote monitoring delineating the expectations of the remote monitoring program for the patient are necessary to avoid some of these issues. Some items that may be helpful to include are language to ensure patient understanding that remote monitoring is not expected to be telemetry with coverage for 24 hours a day, 7 days a week, and furthermore, that it should not replace a telephone call when concerning values are obtained with remote monitoring equipment. Continued vigilance to ensure appropriate response times to remote monitoring data is necessary to reduce liability and to ensure the utility and quality of the program. Other hurdles include overcoming information security considerations, establishing the RPM network endpoints be it the patient's home or another medical facility, lack of reimbursement, and technophobia.
Moving Forward: Recommendations From the Workgroup
In an effort to promote the use of RPM to maximize outcomes in PD patients, the workgroup developed several key recommendations that focus on what we believe are critical issues in the field.
Well-defined evaluation and intervention algorithms
are needed based on individual patient target ranges for each monitored parameter. This should include a system designed to easily identify when parameters fall outside of prespecified ranges and notify providers at these specified times. The timing of data analysis by nurses and physicians, for examples, once daily during business days, should be communicated to patients and caregivers, as well as the fact that RPM does not address emergency issues (Figure 2 ). 2. Parameters that would be useful to monitor in a PD patient include total and initial drain values, cyclerbased alarms, therapy compliance, duration of therapy, blood pressures, and patient weight. Monitoring of PD-specific parameters may be combined with additional parameters based on patient specific needs, such as blood glucose concentrations in diabetic patients. 3. Real-time collection and review of data for PD therapies is not feasible and is unlikely to substantially improve outcomes. 46 Data collection could be transmitted in real time (or as frequently as possible when an Internet/cellular data connection is not readily available), but only viewed when needed in response to a flag indicating values outside accepted parameters or a problem expressed by a patient. Adherence, treatment efficacy, and values of treatment parameter could also be assessed at defined intervals. 4. Patients should have access to their own data in easily accessible format allowing longitudinal data presentation to demonstrate recent and long-term trends and thus performance and compliance. Access could be through an online website or through the device itself. The option for the patient to withhold provider access to that patient's treatment information through RPM should also be a feature. 5. RPM systems should work with all forms of PD (automated peritoneal dialysis, continuous ambulatory peritoneal dialysis, or assisted PD). Ideally, data should be portable between different RPM platforms. Although complete interoperability between RPM platforms is unlikely, minimum standards as to the format of data storage and collection should be adopted to improve portability. 6. Data should be stored in a fashion that is compatible with local/national laws and regulations. However, this should not be an impediment to access, analysis, or effective use. Data should be available to health care providers and administration to help facilitate quality improvement. Researchers may also benefit from the platform for data capture, analysis, and assessment. 7. Supply ordering and inventory management should be built into the platform, simplifying the process of supply ordering and hopefully reducing the need for emergent deliveries. 8. Attention to the process of remote monitoring as a whole, as opposed to the technology alone, is paramount to the success of an RPM program. This includes continued surveillance as to the effect of the program on targeted outcomes, timeliness and appropriateness of clinical decisions when alarm values are triggered, and patient adherence to RPM.
Equipment Requirements
Telehealth equipment for home dialysis should include the capacity for safe bidirectional communication between patient and provider. This will bring, whenever needed, the health care provider and the patient into close contact. This will be useful in more remote areas and for patients with limited transportation or significant disability. The equipment should have the ability to connect even in locations that may not have access to cable-based Internet providers. Methods including either satellite Internet or mobile technologies should be incorporated in these cases. Bidirectional communication will assist in the replacement of clinic visits, allowing early identification of therapy-related complications and enabling remote intervention.
Bidirectionality will also allow for remote education sessions and will directly permit observation of therapies to help troubleshoot problems. On the device itself, easy access to local education resources (e.g., training manuals/videos, dietary guidelines, step-bystep procedures) could improve patient performance of dialysis. Regular communication might include some of the following items: text (messages require little Internet capacity), video (depending on broadband or 4G Internet), speech (same as text or simple phone connectivity), high-resolution pictures (broadband, 3G, 4G), graphics and data of measurements such as weight, blood pressure, and heart rate (require little Internet capacity).
Ideally, data collection should be automated (i.e., Bluetooth capable) to prevent patient fatigue with manual entry of data and to ensure the most accurate data possible. RPM equipment should have the ability to connect to the Internet in a variety of locations, as remote management may be most useful where access to broadband Internet is least available. Preferably, equipment should be portable to allow for travel. Equipment and software should be customizable to ensure that the RPM equipment can be integrated into any clinic's workflow or electronic medical record.
Future Studies
Future studies aimed at answering questions about RPM and its home dialysis applications are needed to guide its use. Increased surveillance of patients without appropriate interventions may not be beneficial for patients and has the potential to increase cost. As an example, augmented patient surveillance may increase hospitalizations, as opposed to decreasing them, if a proper intervention strategy is not in place. Pragmatic randomized controlled trials as well as large observational studies are needed to determine the potential benefits and harms of these new technologies, as well as to inform best RPM practice. Studies should focus on the impact of RPM on technique failure, PD-related infections, mortality, hospitalizations, PD access complications, and patient-reported outcomes/quality of life. Other measured outcomes variables should be achievement of target weight and blood pressure control that may be facilitated in an environment in which communication between patients and clinicians is optimized and appropriate changes in PD prescription can be implemented as soon as the need arises. Furthermore, studies will be needed to determine the appropriate approach to the handling of large amounts of patient data such that patient benefit is maximized without overwhelming health care providers. Patient-reported outcomes should evaluate the impact of RPM on both the patient and the patient's family members. Furthermore, economic analyses are needed to determine the cost of providing remote care balanced against total resources expended, including hospitalizations/infections and attrition.
Conclusions
Remote patient management has exciting potential to improve home dialysis patient care and home modalities uptake, to improve quality of life, and to reduce cost. However, up to now, only a few observational studies and 1 small RCT have been accomplished in dialysis patients supporting the role of RPM in this setting. Further RCTs and large registry-based studies that focus on how and what to monitor are needed to guide the most efficacious use of telehealth as it applies to the dialysis patient and provider.
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